Purpose Systemic inflammatory response syndrome (SIRS) and sepsis as causes of multiple organ dysfunction syndrome (MODS) remain challenging to treat in polytrauma patients. In this study, the focus was set on widely used scoring systems to assess their diagnostic quality. Methods A total of 512 patients (mean age: 39.2 ± 16.2, range: 16-88 years) who had an Injury Severity Score (ISS) C17 were included in this retrospective study. The patients were subdivided into four groups: no SIRS, slight SIRS, severe SIRS, and sepsis. The ISS, New Injury Severity Score (NISS), Acute Physiology and Chronic Health Evaluation II (APACHE II) scores, and prothrombin time were collected at admission. The Kruskal-Wallis test and v 2 -test, multinomial regression analysis, and kernel density estimates were performed. Receiver operating characteristic (ROC) analysis is reported as the area under the curve (AUC). Data were considered as significant if p \ 0.05.
Introduction
Trauma remains the main cause of death in urban environments among young adults and the middle-aged. Nowadays, traumatic injuries do not only lead to death directly by bleeding or destruction of pivotal organs, but also by the development of secondary diseases related to trauma, such as systemic inflammatory response syndrome (SIRS) and sepsis. The definition of SIRS outlined at the conference of the American College of Chest Physicians (ACCP) and the Society of Critical Care Medicine (SCCM) in 1992 is widely accepted [1] . Several publications indicate SIRS as an early warning sign of sepsis, especially in trauma patients with a large amount of destroyed soft tissue that can be indirectly quantified by the Injury Severity Score (ISS) and the New Injury Severity Score (NISS) [2] [3] [4] [5] [6] [7] [8] . In trauma patients, the main causes of immediate death are blood loss and the acute coagulopathy of trauma shock triggered at the trauma site [9] . Patients in shock are at high risk of acquiring infections at the injury site [10] . Although SIRS also promotes beneficial effects such as the clearance of pathogens and wound healing, the over activation of this mechanism may result in dysfunction of pivotal organs (multiple organ dysfunction syndrome [MODS] ) [11, 12] . The compensatory antiinflammatory response syndrome (CARS) counteracts SIRS and, in combination with shock in trauma patients, can result in immunosuppression and increased susceptibility to infections [10, 11] . The acquisition of an infection may, again, enhance the physiological reaction of SIRS, and with an infectious focus, the patient fulfills the criteria for sepsis. Thus, the indirect quantification of soft tissue damage by the ISS and NISS may be insufficient to predict the possible development of SIRS or sepsis. The Acute Physiology and Chronic Health Evaluation II (APACHE II) score developed by Knaus et al. in the early 1980s summarizes the physiological state of the patient in the context of their chronic health status [13] . Laboratory parameters included in the APACHE II score quantify not only tissue damage, but also the ability of the body to handle trauma. Polytrauma patients are at high risk of developing acute coagulopathy of trauma shock [9] . Conventionally, acute coagulopathy of trauma shock is viewed as a later event mainly caused by resuscitative attempts occurring in the hospital, but there are patients admitted to the emergency department with an already established or evolving coagulopathy caused by trauma [9, [14] [15] [16] . In these studies, there was a strong correlation between coagulopathy and mortality, and coagulopathy was identified as an independent risk factor [14] .
The aim of this study was to determine the predictive ability for the development of SIRS and sepsis by widely used trauma scores such as the ISS and NISS, APACHE II score as a parameter that describes the physiological state at admission, and of prothrombin time as a mirror of acute coagulopathy of trauma shock as these parameters evolved as independent predictive parameters of death [7, 8, 13, 17] .
Materials and methods

Patients
Five hundred and twelve polytrauma patients admitted to the emergency room of the University Hospital of Zürich in the period 1996-2002 were included in this study. Admission criteria were an ISS C17 points, age C16 years, and an admission time within 24 h of suffering a polytrauma (ISS C17). The patients were subjected to intensive care treatment and damage-control surgery. The population was subdivided into four groups: patients who did not fulfill any SIRS criteria, patients who fulfilled at least two SIRS criteria, patients who fulfilled three or four SIRS criteria at the day of admission, and patients who fulfilled the criteria for sepsis at any time during their hospitalization. All patient data were collected retrospectively according to the guidelines of ''Good Clinical Practice''. The ISS, NISS, and APACHE II scores were defined based on the data collected at admission to the emergency department during the first 24 h. Patients primarily treated in other hospitals and patients who died within the first 3 days were excluded. All data were retrieved from patient records as approved by the local institutional review board (IRB) according to the University of Zürich IRB guidelines and the study was conducted according to the guidelines of good clinical practice (''Retrospektive Analysen in der Chirurgischen Intensivmedizin'' Nr. StV. 01-2008).
Surgical treatment
The treatment of all admitted patients followed the Advanced Trauma Life Support (ATLSÒ) guidelines and the previously assessed trauma management protocol [18] [19] [20] . Briefly, after airway intubation, ventilation, and cardiovascular management, life-saving surgery took place with decompression of body cavities, control of hemorrhage, and identification of contaminated tissue. The first surgical interventions were followed by stabilization of major fractures and radical debridement of dead tissue. Cefazolin was used as the perioperative antibiotic. In all of the admitted patients, enteral nutrition was established within 24 h after trauma to avoid spontaneous transmigration of the enteric microbial flora and peritoneal contamination.
Trauma-scoring systems
The ISS and NISS were used to define the severity of trauma [7, 8] . The APACHE II score was used to evaluate the overall physiological impairment of the patient [13] .
Prothrombin time measurement
The prothrombin time was measured at admission of the patient by a standardized, previously described method [16] .
Statistical analysis
Continuous data are presented as mean ± standard deviation (SD) and are compared between groups using the Kruskal-Wallis test. Descriptive statistics include frequencies and percentages for categorical data and the v 2 -test was used for proportions. The diagnostic quality of continuous variables was assessed using receiver operating characteristic (ROC) curves and the area under the curve (AUC). For the AUC, Wald confidence intervals were computed on the logit scale and retransformed. Proportional odds models were fitted in order to assess the predictive ability of the parameters for the development of SIRS and sepsis. To obtain density estimates for the score values, a log-concavity assumption was used [21] . This is a nonparametric method to estimate density that does not suffer from the potential deficiencies of kernel density estimates, such as the need to choose the kernel, bandwidth, and wiggles. Comparison of our density estimates with histograms revealed that the log-concavity assumption was accurate. To describe further the score distributions, mode estimates computed from the above densities were provided. The mode is the value on the x-axis where the estimated density reaches its maximum. All computations were done in R [22] . log-concave density estimates were computed using the R package logcondens [23] . The statistical analysis was performed by the Institute for Biostatistics of the University of Zürich.
Results
Patient sample
A total of 512 patients fulfilling the criteria for polytrauma (ISS C17) and with an average age of 39.1 ± 16.6 years (range: 16-88 years) were included in this study; 393 (76.8 %) were male and 119 (23.3 %) were female. A total of 169 males (43 % of males) developed severe SIRS, compared with 47 females (39.5 % of females) (p \ 0.001) ( Table 1) . Sepsis was observed in 97 males (24.7 % of males) and in 20 females (16.8 % of females) (p \ 0.001) ( Table 1 ). In total, 59 patients died: in the no SIRS group, all patients survived; in the slight SIRS group, seven patients died; in the severe SIRS group, 28 patients died; and in the sepsis group, 24 patients died. The main cause of death was either a brain/skull injury or MODS (Table 2) .
Predictive ability of the polytrauma scores for SIRS and sepsis First, the diagnostic quality of the polytrauma scores and of prothrombin time have been assessed by the AUC, showing that the APACHE II score has the best diagnostic quality, followed by the NISS, prothrombin time, and the ISS ( Table 3) . The proportional odds model allows investigators to derive predictive probabilities for the severity of SIRS and sepsis given increasing values of the polytrauma scores. The data show that all parameters have a significant predictive effect for SIRS and sepsis (Table 4) . Proportional odds imply that, for example, for a one unit increase in the APACHE II score, the odds of developing severe SIRS or sepsis are 10 % higher than of developing no SIRS or only slight SIRS.
The model predicts that increasing NISS and APACHE II score implies, on the one hand, that the predictive Predictive ability of the ISS, NISS, and APACHE II score 667 probability of contracting no or only slight SIRS decreases and, on the other hand, that the probability of contracting severe SIRS or even sepsis increases (Table 4) . For example, a value of 9 for the APACHE II score (corresponding to the 25th percentile) entails probabilities of 20 % for no SIRS, 27 % for slight SIRS, 41 % for severe SIRS, and 13 % for sepsis. For a value of 20 for the APACHE II score (corresponding to the 75th percentile), the first two probabilities are decreased to 8 and 16 % and the second two probabilities are increased to 47 and 29 %.
Density estimates of the ISS, NISS, APACHE II score, and prothrombin time
In order to provide 'threshold values' for each SIRS category to show possible orientation points, densities have been estimated using a log-concavity assumption [23] . From the density estimates, the modes for no SIRS, slight SIRS, severe SIRS, and sepsis were estimated for the ISS (mode: no SIRS 22. (Fig. 1) . These density estimates show the cumulative peaks for all patients included in each SIRS/sepsis group.
Discussion
The concept of SIRS has been evolving since its description in 1992 [1] . The sequence of SIRS to sepsis and septic shock has been used to predict the outcome in hospitalized patients [1, [24] [25] [26] . Data analyses of widely used traumascoring systems in the context of SIRS and sepsis are scarce. The incidence of SIRS in polytrauma patients is high, but not every polytrauma patient develops clinical signs of SIRS. In this study, we focused on widely used scoring systems such as the ISS, NISS, and APACHE II score and on prothrombin time as a mirror of acute An increasing severity of systemic inflammatory response syndrome (SIRS) leads to an increased death rate in both males and females. In this patient sample, no sepsis was observed in females. The death rate due to SIRS and sepsis is significantly higher in the male sample (* v 2 -test, male vs. female, p \ 0.05). The main cause of death in the SIRS group was brain or skull injury and in the sepsis group, it was multiple organ dysfunction syndrome (MODS) For the NISS and APACHE II score, the level of significance increases with more severe disease, and the predictive quality of the NISS and APACHE II score increases with increasing severity of SIRS toward sepsis (bold) Increasing severity of SIRS and sepsis gives better predictive quality for each parameter except prothrombin time, where decreasing values give better predictive quality coagulopathy related to trauma shock, and assessed their predictive ability for SIRS or sepsis [9] . Here, the values of these widely used trauma-scoring systems and their predictive quality for SIRS should be described. Both the ISS and NISS add values according to the severity of injury of each anatomical region; the scores of the three most severe injuries are squared and summed. The sum of the three squared numbers represents the score. The main difference between the ISS and NISS is that the NISS can count multiple injuries in the same anatomical region. This difference does not change the predictive ability of the NISS for SIRS and sepsis (Table 4. ). The data show that the NISS has a higher predictive quality for severe SIRS and sepsis than the ISS (Table 3 ). The reason for this difference remains unclear, and may be a statistical anomaly. Both scores describe the severity of injury in a certain anatomical region and describe tissue damage. The slight difference between the scoring rules of the ISS and NISS may be the reason for the slight difference in their ability to predict SIRS and sepsis. In the NISS, the three most severe injuries that are counted may lie in the same anatomical region, which, hypothetically, may give a higher value for effective tissue damage than in the ISS. It is well known that, upon cellular damage, hidden antigens (damage-associated molecular patterns [DAMPs]), such as uric acid and hyaluronic acid fragments, are released, initiating nonspecific immunological reactions [27] . Depending on the concentration of DAMPs, the immunological reaction may lead to SIRS and, when an infection is present, to sepsis; i.e., the more DAMPs, the greater the risk of developing signs of SIRS.
The high predictive quality of the APACHE II score for the development of SIRS or sepsis is partially explained by the fact that the SIRS criteria are included in the APACHE II score. However, the predictive quality should, therefore, be higher than 0.82 AUC. The reason for this lower than expected predictive quality may lie in the complexity of the APACHE II score, which also takes account of the patient's chronic health status. The APACHE II score for each patient collected at admission reflects the immediate physiological status relative to their chronic health status, so unhealthy and older patients have a higher APACHE II score and probably develop SIRS or sepsis more easily because of a lower compensatory ability. Resuscitative procedures carried out according to the ATLS Ò criteria may influence the hematocrit and electrolyte balance, especially in bleeding patients, and increase the APACHE II score. The degree to which the APACHE II score of a polytrauma patient at admission is iatrogenic remains speculative.
The overall odds ratio of the prothrombin time was 1.03 (Table 4) , indicating the lowest predictive quality for SIRS and sepsis. The role of this parameter may be more indirect: a lower prothrombin time leads to increased blood loss and, thus, to an increased APACHE II score. Blood loss itself is a direct risk factor for the acquisition of infections [10] . The data presented here indicate that the prothrombin time alone cannot be used as a predictor for SIRS and sepsis, but can be used as an indirect indicator of further complications in polytrauma patients.
Female sex seems to have a protective effect against sepsis after polytrauma (Table 2 ) [28] . Interestingly, female subjects also developed SIRS significantly less frequently than males, probably because of the protective effect of 17-b-estradiol [28] . The question still remains as to how we can measure SIRS or sepsis. The complementary system may provide not only a therapeutic but also a quantifying opportunity to measure inflammatory reaction in patients. C5a is an inflammatory peptide with a broad spectrum of biological functions and is elevated during inflammatory reactions. In a murine sepsis model, cecal ligation and puncture and the inhibition of C5a led to an increased survival rate [29] . Measuring proinflammatory components of the complementary system may provide a quantification method of SIRS and sepsis.
The present study may provide guidance for estimating the risk of polytrauma patients developing SIRS or sepsis. The anticipation of septic problems could lead to quicker decisions in intensive care unit conditions in polytrauma patients and, therefore, improve the outcome for such patients and reduce their overall mortality.
Limitations of the study
Seemingly, the main limitation of this study is the analysis of the values at admission without taking into account surgical interventions. However, each surgical intervention such as debridement should only perioperatively increase the symptoms of SIRS. Normally, the patients do better after surgery. To avoid treatment bias, the data were collected at admission of the patients within the first 24 h or before the first surgical intervention. The course of SIRS is very dynamical and may change very quickly; therefore, the APACHE II score evaluated within the first 24 h was taken in order to avoid surgical treatment bias.
